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Abstract
Macao has long been a typical entertainment (especially, gaming) tourism city in the Asia-Pacific region. Sparked by the collapse 
of United States’ subprime mortgage securities in 2007, a global financial crisis swept through the global financial markets and 
economy in the several subsequent years. Macao’s entertainment tourism industry was not spared. This paper attempts to 
construct a financial engineering model to link Macao’s gross entertainment revenue with the key performance indicators of the 
global financial markets over these years. Results reveal that Macao’s entertainment tourism industry closely correlated with the 
performance of the global financial markets, with the former lagging behind by two months in a specific manner. This model 
may provide Macao and other entertainment tourism cities with forecasts for strategic planning.
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1. Introduction to Entertainment Tourism in Macao
Macao, neighboring and similar in status to Hong Kong, is a special administrative region of China. Since the 
liberalization (de-monopolization) of her entertainment (gaming) industry in 2002 and the implementation of 
mainland China’s “Individual Visit Scheme”2
1
  in 2003, Macao’s economy grew dramatically, and its entertainment 
tourism industry, overwhelmingly supported by mainland Chinese, particularly flourished [ ],[2]. The entertainment 
tourism industry has since then been further established as the pillar industry of Macao’s economy [1],[2], making 
Macao a typical entertainment tourism city in the Asia-Pacific region and even the world. Indeed, as early as 2006, 
with the thriving entertainment tourism industry, Macao’s gross domestic product (GDP) per capita surpassed that of 
Hong Kong for the first time ever [3], and Macao’s entertainment industry emerged as the world’s largest in 2006
* Corresponding author. Tel.: +853-8599-3322; fax: +853-2872-7653.
E-mail address: vkychan@ipm.edu.mo.
2 From 28 July 2003 onwards, the Individual Visit Scheme (or simply, IVS) enables residents of designated regions of mainland China to visit 
Macao by applying to local Public Security Bureaux for relevant permits. These permits are limited to visits to either Hong Kong or Macao.
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[4], further demonstrating the contribution of the entertainment tourism industry to Macao. By 2010, Macao’s 
entertainment tourism industry accounted for at least 87.24% of her GDP, 19.9% of her total employment, and 
86.36% of her government revenue [5].
2. The Study
Entertainment tourism or the tourism industry at large is generally conceived of as a luxury product industry and 
thus believed to be vulnerable to economic recession. Leiper and Hing [6] contains a qualitative event log 
highlighting the cessation of a long tourism growth period in the Asia-Pacific region in the wake of 
financial/economic/political crises towards the end of the last century. Notwithstanding the focus of Prideaux et al [7]
on forecasting methods, it also qualitatively mentions the negative effects of financial/economic/political/cultural 
crises on tourism. Both Song and Lin [8] and Song et al [9] empirically prove and predict the negative impact of a 
financial/economic crisis on tourism in Asia using autoregressive distributed lag models (ADLM) with factors 
generally perceived to bear on tourists’ consumer behavior, for example, tourists’ income levels and prices for 
tourists (e.g., hotel prices). Furthermore, Papatheodorou et al [10] provides a summary of perspectives on the 
negative consequences of the global economic crisis with respect to tourism. Whilst all such earlier literature no 
doubt have already offered considerable contributions to modeling the impact of global financial crises on the 
tourism industry, this study attempts to additionally introduce financial engineering perspectives, in particular, 
global financial market performance as an indicator of global financial crises for modeling such an impact on the 
entertainment tourism industry. In fact, global financial market performance is considered by the financial 
engineering community as the best indicator of the global financial condition and thus global financial crises. 
Specifically, the said modeling in this study is based on the recent global financial crisis and the entertainment 
tourism industry in Macao.
Presumably caused by United States’ subprime mortgage problems in 2007, a global financial crisis swept 
through the global financial markets and economy in the several subsequent years. In particular, the crisis was 
marked by a drastic downturn in the American and European real estate market, a global liquidity shortfall, financial 
difficulties and government’s takeover of mortgage industry giants Freddie Mac and Fannie Mae, the investment
bank Lehman Brothers’ filing for bankruptcy protection, the investment bank Merrill Lynch’s acquisition by the 
Bank of America, American International Group’s almost total acquisition by the United States government,
Chrysler’s, General Motors’, CIT Group’s, and Japan Airlines’ filing for bankruptcy protection, the debt crisis of 
State-owned Dubai World, the downgrading of the Greek sovereign debt rating and similar European debt ratings,
the panic selling of the euro and thus the European sovereign debt crisis. [11],[12]
In the face of such a global financial crisis spanning a number of years, Macao’s entertainment tourism industry 
was not spared. With the decline of the number of inbound tourists and moratoria on tourism-related projects, 
Macao's GDP contracted for three successive quarters from the fourth quarter of 2008. However, inbound visitor 
figures and the GDP significantly rebounded starting from the third quarter of 2009. To some extent, this coincides
with the up-and-down cycles of the global financial crisis over those years. [13]
This paper attempts to construct a financial engineering model to link Macao’s gross entertainment revenue with 
the key performance indicators of the global financial markets over these few years of turmoil. It is hoped that such 
a model can provide Macao and other entertainment tourism cities with forecast data for the strategic planning of 
entertainment tourism industry development even though the model by no means aims to expound on the causality 
in respect of entertainment revenues and global financial market performance in general.
3. How to Measure the Global Financial Crisis
In the course of the interwoven events mentioned in Section 2 above, the global financial markets as efficient 
markets under the efficient market hypothesis of financial theory [14] should reflect in a timely manner the positive 
and/or negative impacts of all such events [14] through the markets’ fluctuations. Therefore, this study adopts global 
financial markets’ performances as an indicator of the global financial condition (and thus the global financial crisis). 
In order to gauge the performance of individual financial markets globally, this study resorts to the market portfolio 
concept of financial theory, that is to say, the use of the market portfolio performances of individual financial 
markets to measure the corresponding financial markets’ performance. The market portfolio of a financial market is 
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a portfolio that includes all the assets traded on the financial market with the weighting of each asset in the market 
portfolio equal to the proportion of the total current value of that asset in that financial market to the total current 
value of all the assets in the entire financial market [14]. However, as in the general practice of the financial industry
and the financial engineering community, the market portfolio performance of an individual financial market is 
represented by an easily measurable proxy, usually a representative stock market index of a stock market related to 
that financial market. The stock market index of a stock market is calculated by averaging the current share prices of 
a basket of major companies listed in that stock market. The averaging method is generally but not necessarily 
weighted by the total current value of the stock of each company in the basket vis-à-vis the total current value of the 
stocks of all the companies in the basket [14]. In this study, the DAX index represents the financial market’s 
performance in Germany, the Standard and Poor’s 500 (or S&P 500) index the financial market’s performance in the 
United States, the Hang Seng Index the financial market’s performance in Hong Kong, and the Shanghai Stock 
Exchange Composite Index the financial market’s performance in mainland China. These four indices are 
respectively taken to be representative indices of the corresponding financial markets above.
Of course, strictly speaking, to fully reflect the performance of the global financial markets one would need to 
cover all financial markets globally. However, this would involve exorbitant resources for data collection and, most 
importantly, create in regression equation (1) below a large number of independent variables, resulting in severe 
multicollinearity, this being detrimental to subsequent statistical conclusions. Hence, this study only covers the four 
aforementioned financial markets. Effectively, these four financial markets are extremely representative of the 
global financial markets. First, they cover Europe, North America and Asia, these three continents accounting for 
the majority of the world’s total production and financial market value [15], so their financial markets are 
concomitantly most representative of the global financial markets. Second, Germany, the United States and China 
(together with Hong Kong) respectively are the largest economies on these three continents [15], so their financial 
markets undoubtedly are most representative of these three continents’ financial markets. In particular, mainland 
China and Hong Kong are Macao’s largest sources of visitors [16], who in turn contribute the most to Macao’s gross 
entertainment revenue [1],[2], so the performances of the financial markets in both mainland China and Hong Kong, 
as opposed to those of other Asian financial markets, are indisputably most qualified for inclusion in regression 
equation (1), for the purpose of linking with the gross entertainment revenue in Macao.
4. Statistical Models
This study proposes the following regression equation (1) as the financial engineering model to link Macao’s 
gross entertainment revenue with the key performance indicators of the global financial markets, the former being 
the dependent variable in equation (1) and the latter being the independent variables.
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where t = time, and time t in this study is the t-th month counting from January 2007, i.e., January 2007 
corresponding to t = 1, February 2007 corresponding to t = 2, and so on; Ĳ = the number of months of time lag3 of 
the effect of the independent variables on the dependent variable; Inct = the gross entertainment revenue of Macao 
in the t-th month; DAXt - Ĳ = the DAX close level adjusted for dividends and splits
4
3 In contrast, time lead is illogical in an economic or financial engineering sense.
at the end of the (t - Ĳ)-th month;
4 In financial theory, whenever a company issues dividends to its shareholders, the company is essentially distributing cash to its shareholders, 
reducing its own cash asset and thus its own total assets, total value and share price. Nevertheless, offset by the receipt of cash dividends, 
shareholders see neither gain nor loss from the company’s issue of dividends. Likewise, whenever a company issues splits to its shareholders, the 
company is in effect increasing its number of shares issued, with the new shares allotted to the original stockholders as splits. With the total assets 
and total value of the company unchanged and the number of shares issued increased, the company’s share price is bound to fall, all other things 
being equal. However, counteracted by the receipt of new shares allotted as splits, shareholders again see neither gain nor loss from the 
company’s issue of splits. If any company in the basket of a stock index issues dividends and/or splits, the index will fall together with the fall of 
that company’s share price. Nonetheless, such a fall fails to reflect the fact that the shareholders of the companies in that basket make neither gain 
nor loss from that issue of dividends and/or splits. Nor can such a fall in price reflect the performance of that basket of companies or the 
corresponding stock market’s market portfolio. As such, a stock index adjusted for dividends and splits is a stock index which reverses the effect 
of any company’s dividend and/or split issue by adding back the value of the dividends and/or splits to that company’s decreased share price 
during the calculation of the index, so as to make the index insensitive to dividend and/or split issues and truly reflective of the performance of 
that basket of companies or the corresponding stock market’s market portfolio. [14]
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S&P500t - Ĳ = the S&P 500 close level adjusted for dividends and splits at the end of the (t - Ĳ)-th month; HSIt - Ĳ =
the Hang Seng Index close level adjusted for dividends and splits at the end of the (t - Ĳ)-th month; SHCOMPt – Ĳ
0 1 4, , ,W WE E E"
=
the Shanghai Stock Exchange Composite Index close level adjusted for dividends and splits at the end of the (t - Ĳ)-
th month; = the regression coefficients in regression equation (1), which are all constants; and 
tH =
the error term in regression equation (1) for the t-th month.
Following the analogous practice of Song et al [9] and believing that the impact of global financial markets’ 
performance on Macao’s entertainment tourism industry should not be delayed by more than four months, p is 
initially set to 4, which is subject to the optimization detailed in Section 5 below.
5. Methodology
This study collected the monthly data for the aforesaid Inct
17
from the Statistics and Census Bureau of Macao 
Special Administrative Region [ ], covering the period from January 2007 to October 2010 or from t = 1 to t = 46.
The data for DAXt - Ĳ, S&P500t - Ĳ, HSIt - Ĳ, and SHCOMPt - Ĳ was acquired from the Reuters 3000 Xtra database, 
again covering the period from January 2007 to October 2010 or from t - Ĳ = 1 to t - Ĳ = 46.
The data for each of these Inct, DAXt - Ĳ, S&P500t - Ĳ, HSIt - Ĳ, and SHCOMPt - Ĳ
18
is a time series, which is intended 
to be fitted into regression equation (1). Given the properties of time series [ ],[19], [20], [21], such time series 
data must be stationary in order to avoid regression equation (1) arriving at conclusions of undesirable spurious 
correlation. As such, this study pre-processed such time series data by testing each of them for stationary behavior
using the Augmented Dickey-Fuller test at 5% significance level. If any of Inct, DAXt - Ĳ, S&P500t - Ĳ, HSIt - Ĳ, and 
SHCOMPt - Ĳ could not be tested stationary, its first order difference time series was calculated
5, and subsequently
tested for stationary behavior using the Augmented Dickey-Fuller test at 5% significance level. If the first order 
difference time series still could not be tested stationary, its first order difference time series (i.e., the original time 
series’ second order difference time series) was in turn calculated, and so forth until the resultant time series was 
tested stationary using the Augmented Dickey-Fuller test at 5% significance level. Such a resultant time series was 
to replace the original time series of Inct, DAXt - Ĳ, S&P500t - Ĳ, HSIt - Ĳ, or SHCOMPt - Ĳ
Upon such pre-processing of the Inc
in regression equation (1).
t, DAXt - Ĳ, S&P500t - Ĳ, HSIt - Ĳ, and SHCOMPt - Ĳ data, they were fitted into 
regression equation (1) using stepwise regression where the independent variable inclusion criterion was the F test 
proving that the regression equation after inclusion better fitted the data than the one before inclusion at 5% 
significance level, and the independent variable exclusion criterion was the F test proving that the regression 
equation before exclusion did not better fit the data than the one after exclusion at 10% significance level. The 
purpose of adopting stepwise regression is to optimize regression equation (1) such that the independent variables 
most significantly impinging on the dependent variable Inct are selected from all the independent variables initially 
in the regression equation, especially when regression equation (1) comprises five time-lagged independent 
variables for each stock market index, namely, independent variables DAXt - 0, DAXt - 1, DAXt - 2, DAXt - 3, and DAXt -
4 for the stock market index DAX, independent variables S&P500t - 0, S&P500t - 1, S&P500t - 2, S&P500t - 3, and 
S&P500t - 4 for the stock market index S&P 500, independent variables HSIt - 0, HSIt - 1, HSIt - 2, HSIt - 3, and HSIt - 4
for the stock market index Hang Seng Index, and independent variables SHCOMPt - 0, SHCOMPt - 1, SHCOMPt - 2,
SHCOMPt - 3, and SHCOMPt - 4 for the stock market index Shanghai Stock Exchange Composite Index. In other 
words, stepwise regression is used to identify exactly which time-lagged independent variable(s) for each stock 
market index exerts the most significant impact on the dependent variable Inct
6. Data Analysis: Results and Findings
or by how long the main impact of 
each stock market index is delayed.
6.1. Pre-processing of Time Series
5 The first order difference time series of time series x = {x1, x2, …, xn} is 'x = {x2 - x1, x3 - x2, …, xn - xn - 1}.
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Table 1 enumerates the results of the pre-processing of the time series data for Inct, DAXt - Ĳ, S&P500t - Ĳ, HSIt - Ĳ,
and SHCOMPt - Ĳ
Table 1. Pre-processing of time series: whether their difference time series are stationary.
, including the p-values of the Augmented Dickey-Fuller tests and, in particular, the order of the 
difference of the above original time series that are tested stationary and thus subsequently fitted into regression 
equation (1).
Time series
Augmented Dickey-Fuller test of the difference times series˖
p-value Stationary difference time series
0th Order 1st order† 2nd Order
Inc 0.9504t 0.04445 (Unnecessary)
ˆ 1st
DAX 0.9312t – Ĳ 0.2827 0.01 2nd
ˆ
S&P500 0.828t - Ĳ 0.4837 0.02997 2nd
ˆ
HSI 0.6263t – Ĳ 0.3466 0.01 2nd
ˆ
SHCOMP 0.5709t - Ĳ 0.4582 0.01 2nd
ˆ
† i.e., the original time series without conversion into difference time series
* p-value < 0.05 or 5% significance level
It is noteworthy that the stationary first order difference time series of a time series (e.g., Inct) actually measures 
the rate of increase of that original time series (i.e., Inct). Likewise, the stationary second order difference time 
series of a time series (e.g., DAXt - Ĳ, S&P500t - Ĳ, HSIt - Ĳ, or SHCOMPt - Ĳ) actually measures the acceleration of 
increase of that original time series (i.e., DAXt - Ĳ, S&P500t - Ĳ, HSIt - Ĳ, or SHCOMPt - Ĳ
6.2. Stepwise Regression
). It is also worth mentioning 
that the data for the above difference time series (albeit not being listed in this paper due to limited space) generally 
exhibit alternate cycles consisting of several months of positive values followed by several months of negative 
values, which generally concur with the cycles of ups and downs of Macao’s entertainment tourism industry and the 
global financial crisis, as detailed in Section 2 above.
Table 2 depicts the results from applying the pre-processed data above in regression equation (1) using stepwise 
regression. In particular, the table includes the independent variable(s), the corresponding regression coefficient(s), 
the t-statistic(s) to determine whether such regression coefficient(s) are significantly different from zero, and the p-
value(s) corresponding to such t-statistic(s) in the final regression equation resulting from optimization through 
stepwise regression. Also included are the coefficients of determination (R2
Table 2. Applying the pre-processed data in regression equation (1): the final regression equation
) of such a final regression equation, the 
F-statistics to determine whether the final regression equation better fits the data than the constant regression 
equation (i.e., one without independent variables) and the p-value for such an F-statistic.
Independent Variable Coefficient t-statistic p-value
˄constant˅ 322.584 1.456 0.154
HSI -0.245t – 2 -2.603 0.013*
R F-statisticˎ p-value for F-statistic
0.151 6.776 0.013*
* p-value < 0.05 or 5% significance level
Attention is drawn to the p-value for the corresponding F-statistic in Table 2, which is less than 0.05, indicating 
that the final regression equation corresponding to regression equation (1) provides significantly better predictive 
capability than using the mean of the dependent variable Inct for prediction. Moreover, although the coefficient of 
determination (R2) of the final regression equation is not exceptionally large, it is already reasonable in the context 
of a time series-based regression with only one independent variable. In addition, Table 2 contains only one 
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independent variable, signifying that the final regression equation ensuing from optimizing regression equation (1) 
using stepwise regression needs to link the dependent variable Inct with only one independent variable (i.e., the 
time-lagged difference time series of the stock market index Hang Seng Index) for reasonably and optimally 
predicting the dependent variable Inct
Here the implications of the relationships suggested by Table 2 are interpreted in detail as follows:
.
Table 2 refers to regression equation (1) whose dependent variable is Inct. Nonetheless, as pointed out in Table 1, 
rather than being directly the gross entertainment revenue of Macao in the t-th month, Inct in regression equation (1) 
is actually the first order difference time series of such a gross entertainment revenue of Macao, i.e., the rate of 
increase of such a gross entertainment revenue of Macao. By the same token, the independent variable in Table 2 is 
HSIt - 2, which is actually the second order difference time series of the Hang Seng Index close level adjusted for 
dividends and splits at the end of the (t - 2)-th month, i.e., the acceleration of increase of such a Hang Seng Index 
close level. Given that the regression coefficient corresponding to the independent variable HSIt - 2 in Table 2 is 
negative and different from zero at 5% significance level, two months after such a (detrended) Hang Seng Index 
close level experiences exceptionally large positive increase acceleration, such a (detrended) gross entertainment 
revenue of Macao is expected to exhibit an exceptionally large negative rate of increase. This is also true vice versa. 
Basic geometry and differentiation show that exceptionally large positive increase acceleration occurs at cyclic 
troughs of such a (detrended) Hang Seng Index close level whereas exceptionally large negative rate of increase 
occurs when such a (detrended) gross entertainment revenue of Macao is in transition from a peak to a trough. In 
summary, in consideration of the aforesaid cyclic nature of Inct and HSIt - 2, such a (detrended) gross entertainment 
revenue of Macao roughly relates to such a (detrended) Hang Seng Index close level as in Fig. 1.
Fig. 1. The gross entertainment revenue of Macao vs. the Hang Seng Index
7. Conclusions
Based on its financial engineering model, this study arrives at the conclusion that the gross entertainment revenue 
of Macao correlates more strongly with the Hang Seng Index close level adjusted for dividends and splits than other 
stock market indexes considered in this study. The relationship is roughly as shown in Fig. 1, which also presents 
the way the former lags behind the latter’s major effect by two months.
Such a relationship found can be used by the entertainment tourism industry and government to assist in 
approximately predicting the ups and downs of such a key entertainment tourism industry indicator6
Finally, it is necessary to point out some limitations of this study. First, whilst the data of this study fully covers 
the course of the global financial crisis from early 2007 to the end of 2010, it is commonly believed that the crisis is 
still yet to end. For example, the European sovereign debt crisis mentioned in Section 2 is still evolving. It is as yet 
as the gross 
entertainment revenue based on key global financial market indicators, e.g., the Hang Seng Index. This study thus 
illustrates the use of financial engineering in the provision of forecast data that may help strategic planning.
6 In fact, the author has derived other relationships for predicting other key tourism industry indicators. In view of the limited number of pages of 
this conference paper, such other relationships will hopefully be presented elsewhere probably in an extended version of this paper.
Time
Hang Seng Index 
close level 
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unknown when the crisis will end. In fact, its repercussions may linger on for decades. However, the data so far 
collected in this study has proved to be able to derive a useful financial engineering conclusion as noted above, 
which may help the entertainment tourism industry and government in at least roughly predicting the entertainment 
tourism industry’s boom and bust and thus assist strategic planning. Having said that, with the global financial crisis 
continuing to evolve, extra data generated in the future may enable the drawing of additional conclusions. Second, 
whilst the curves in Fig. 1 illustrate the relationships between the ups and downs of the gross entertainment revenue 
of Macao and those of the Hang Seng Index close level for the purpose of highlighting such relationships, in reality 
such a curve should be a series of points, clustering around where the curve is. Also, each fluctuating cycle in the 
figure may most likely be different in terms of amplitude and period. In general, the ups and downs are most likely 
not as perfect and regular as in the figure. Lastly, the time window of Fig. 1 is for purposes of illustration and is by 
no means indicative of that of the global financial crisis. As a matter of fact, as mentioned above, the time window 
of the global financial crisis is still difficult to determine.
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